Although mammalian carnivores are vulnerable to habitat fragmentation and require landscape connectivity, their global patterns of fragmentation and connectivity have not been examined. We use recently developed high-resolution habitat suitability models to conduct comparative analyses and to identify global hotspots of fragmentation and connectivity for the world's terrestrial carnivores. Species with less fragmentation (i.e. more interior high-quality habitat) had larger geographical ranges, a greater proportion of habitat within their range, greater habitat connectivity and a lower risk of extinction. Species with higher connectivity (i.e. less habitat isolation) also had a greater proportion of high-quality habitat, but had smaller, not larger, ranges, probably reflecting shorter distances between habitat patches for species with restricted distributions; such species were also more threatened, as would be expected given the negative relationship between range size and extinction risk. Fragmentation and connectivity did not differ among Carnivora families, and body mass was associated with connectivity but not fragmentation. On average, only 54.3 per cent of a species' geographical range comprised high-quality habitat, and more troubling, only 5.2 per cent of the range comprised such habitat within protected areas. Identification of global hotspots of fragmentation and connectivity will help guide strategic priorities for carnivore conservation.
INTRODUCTION
The loss and degradation of habitat have been identified as the primary threat to the world's mammals, affecting 40 per cent of species in a recent assessment of International Union for Conservation of Nature (IUCN) Red List data [1] , a result consistent with prior evidence identifying habitat destruction as the principal cause of the loss of biodiversity worldwide [2, 3] . As habitat is destroyed, concurrent fragmentation often partitions the remaining natural areas into progressively smaller, more isolated patches immersed within a human-modified matrix. This isolation of habitat patches can restrict connectivity, which is the movement of organisms or ecological processes across landscapes [4] . Conserving landscape connectivity is a vital component of biodiversity conservation [5] [6] [7] [8] . For example, connectivity is essential for the natural ranging behaviour of animals among foraging or breeding sites and for dispersal from their natal ranges, thus allowing for the exchange of genetic material among otherwise isolated populations. At broad spatial and temporal scales, conserving landscape connectivity is also necessary to maintain the continuity of ecological processes and to allow natural range shifts in response to long-term environmental transitions, including ecological adaptation to global climate change [9] . Because of the documented impacts of habitat fragmentation, connectivity conservation lends strength to efforts to protect natural populations in fragmenting landscapes and is increasingly becoming incorporated into land-management plans worldwide [7] .
Mammalian carnivores are particularly vulnerable to habitat loss and fragmentation owing to intrinsic biological traits, such as large body sizes, large area requirements, low densities and slow population growth rates, as well as external anthropogenic threats, including hunting and other forms of direct persecution [10] [11] [12] [13] [14] . Consequently, carnivores may not be able to persist in landscapes dominated by humans, particularly those not connected by functional linkages or a permeable matrix between natural areas. Further, apex predators can exert important top-down effects in ecological communities, and their decline or disappearance can generate cascades with system-level impacts [15] [16] [17] [18] . Because carnivores are ecologically pivotal organisms whose status can be indicative of the connectedness of landscapes, they can be effective focal species to evaluate the degree of both fragmentation and connectivity across large landscapes [7] .
Although the destruction and fragmentation of habitat is accelerating globally and such processes are clearly impacting a diversity of mammals, including carnivores, global patterns of habitat fragmentation and connectivity have not yet been examined. Herein, we use recently developed high-resolution distribution and habitat suitability models of the world's mammals to compare how fragmentation and connectivity interact with life-history characteristics to affect the conservation status of terrestrial mammalian carnivores and to identify their global hotspots of fragmentation and connectivity.
METHODS (a)
Habitat suitability models Using baseline data from the 2009 IUCN Red List of Threatened Species, Rondinini et al. [19] recently developed habitat suitability models for the world's extant terrestrial mammals (n ¼ 5027 species). These habitat preference models were developed at 300 m resolution and limited to occur within the known geographical range of the species to avoid extrapolating beyond their distribution limits. In our analyses, we examined habitat suitability models for all species of terrestrial mammalian carnivores for which there were adequate data, which included 13 families and 246 species. Habitat suitability models were not developed for domestic cats (Felis catus) and dogs (Canis familiaris, including dingo) and they were thus not included in our analyses.
As detailed by Rondinini et al. [19] , three environmental variables formed the basis of the models: elevation, type of land cover and hydrological features. The elevational map was produced by resampling to 300 m the Shuttle Radar Topography Mission (SRTM) elevation [20] at 1 arcsecond resolution (ca 90 m at the equator). The type of land cover was mapped using Globcover v. 2.1 [21] , a 300 m resolution global map with 63 classes based on the standard UN Land Cover Classification System [22] . The map of hydrological features was produced by merging polygonal water bodies (lakes and large rivers) from Globcover with linear water bodies from Vmap0 [23] .
Elevational range where a species is found, when known and recorded in the IUCN Red List, was incorporated into the habitat models [19] . Expert information on other habitat affinities, including preferred types of land cover, tolerance to human impact and relationship to water bodies, are in the form of a textual description within the IUCN database. For incorporation into the habitat models, such textual descriptions were extracted in several steps. First, each species was assigned to one or more broad habitat types (forest, shrubland, grassland, bare, artificial). This information was then intersected with the suitability of flooded habitat and the level of tolerance to human-modified (degraded or mosaic) natural habitat types. For each species, this then generated an automated classification of the classes of the land-cover map. If necessary, where detailed expert knowledge on habitat preference was available, suitability of individual classes in the land-cover map was then modified manually, including specifying if the distribution of a species should be restricted near water bodies.
Three levels of suitability of land cover were defined in the habitat models: (i) high-corresponding to preferred habitat (i.e. where the species can persist), (ii) medium-where a species can be found, but cannot persist in the absence of nearby primary habitat, and (iii) unsuitable-where a species is expected to be seldom or never found [19] . All cells in the model within the elevation range of the species retained the suitability score assigned to the land cover class, while cells outside the elevation range were classified as unsuitable. For species restricted near water bodies, all cells further than 1 km from water were classified as unsuitable. Additionally, habitat was classified as to whether or not it occurred within known protected areas based on the World Database on Protected Areas [24] . To calculate areas accurately, models were developed in a Mollweide equal area projection using the free-software GRASS GIS [25] .
(b) Fragmentation and connectivity These habitat suitability models served as the basis for our analyses of fragmentation and connectivity of global carnivore habitat. We focused on high-quality habitat, given that such habitat is by definition the most essential for species persistence. When delineating high-quality patches in the geographical range, we eliminated small patches (less than four adjacent cells at 300 m resolution) created by artefacts contained in the land use/cover map. This reduced the influence of spurious, isolated patches and improved computational efficiency of our fragmentation and connectivity analyses. We then defined high-quality habitat patches to be formed by neighbouring cells (eight nearest neighbours) using ArcGIS v. 9.3 (ESRI, Redlands, CA, USA).
We described the degree of fragmentation of highquality habitat for each species with the GISfrag metric [26] . This index measures the average Euclidean distance of all cells within a high-quality habitat patch to the nearest edge of the patch. Because the metric is based on distance into interior habitat, low values represent less interior habitat and thus higher degrees of fragmentation, whereas high values represent more interior habitat and lower levels of fragmentation. The index thus is positively related to the amount of 'interior' or 'core' high-quality habitat for each species. There are many possible landscape metrics to evaluate fragmentation and connectivity, and ultimately a sensitivity analysis would be required to evaluate if results are consistent across indices [27] . We selected GISfrag because it is a relatively simple, robust and parsimonious metric, related to the 'Core Area' metric [28, 29] but with the advantage that it does not require specification of an arbitrary depthof-edge distance from the patch perimeter to define a core area within a patch. GISfrag also works well for both convoluted and insular fragmentation patterns and at both the patch and landscape levels, and is comparable across landscapes of different extents [30 -32] . In addition, it provides stable, readily interpretable information because it explicitly accounts for the proportion of a landscape occupied by habitat; Neel et al. [33] concluded that in order to best interpret a metric, it should have known and consistent behaviour as a function of habitat area.
We also evaluated the degree of connectivity of highquality habitat for each species, adopting a similar distance-based approach as the GISfrag metric but instead focusing on the isolation of high-quality habitat cells by the intervening matrix of medium-and lowquality habitats. Specifically, we calculated the average cost-weighted distance between high-quality habitat cells, with cost weights assigned based on habitat suitability scores. High-quality habitat was assigned a baseline cost weight of 1, assuming that such habitat is permeable and does not restrict movement. Mediumquality habitat was assigned an intermediate cost weight of 2, assuming that such habitat somewhat restricts movement between high-quality habitat patches. Unsuitable habitat was assigned a high cost weight of 10, assuming infrequent or no movement through such landscapes. Because this metric is based on cost-weighted distance between high-quality habitat, low values represent shorter distances and thus more connectivity among habitat patches, whereas high values represent longer distances and thus less connectivity among patches. Therefore, the index is positively related to the degree of isolation of high-quality habitat.
We consider our connectivity metric to be similar to those that evaluate potential connectivity [34] . Unlike actual connectivity, which directly measures functional connectivity by empirically quantifying the movement of individuals through the landscape, potential connectivity metrics estimate functional connectivity by incorporating basic, indirect knowledge of the potential of organisms to move among habitat patches. In our analyses, this potential is incorporated through modelling the suitability of habitat in the intervening matrix among patches for each focal species. We also note that our metrics are similar to most other fragmentation and connectivity metrics in that they describe characteristics of individual habitat patches and their adjacent neighbours, rather than more complex ecological processes within and among patches [35, 36] . For example, our metrics do not assess landscape arrangement and position, which often require a more complex, and computationally intensive, graph theory approach [37 -39] .
For species with disjunct geographical ranges as delineated in the IUCN database, connectivity was evaluated within each range segment but not between disjunct segments, in part because the habitat models were limited to within the current geographical range of a species [19] . Additionally, the IUCN Red List guidelines suggest delineation of disjunct ranges only when major discontinuities are present [40] , so such gaps are highly unlikely to be crossed by focal species. Range boundaries in the IUCN database reflect modern geographical range and not historical distribution, and thus probably include more disjunct distributions than existed before widespread anthropogenic impacts; future advances should consider evaluating historical versus current geographical range and resulting range fragmentation and loss of connectivity. In addition, connectivity analyses excluded the Marine Otter (Lontra felina) and Sea Otter (Enhydra lutris) because their current ranges, composed of disjunct segments along coastal areas, entirely comprised high-quality habitat and thus cost-distance between high-quality cells could not be calculated.
(c) Data analyses
We conducted comparative analyses to examine the relationship between the fragmentation and connectivity metrics across carnivore species, and also to describe the relationship of these metrics to various species characteristics, including the size of the current geographical range, the proportion of high-quality habitat within the geographical range, body mass, taxonomic family and IUCN Red List status. We first used Pagel's l [41] to determine the strength of the phylogenetic signal in these covariates. Because of the spatially explicit nature of our data, we used the spatially corrected version of l (l 0 ) introduced by Freckleton & Jetz [42] to correct for the influence of spatial dependence in our continuous variables. We found that phylogenetic signal varied among our covariates; we obtained high values for taxonomic family (l ¼ 0.98) and body mass (l 0 ¼ 0.99), but low values for fragmentation (l 0 ¼ 0.07), connectivity (l 0 ¼ 0.03), the proportion of high-quality habitat within the geographical range (l 0 ¼ 0.03), geographical range (l 0 ¼ 0.01) and IUCN status (l , 0.01). Because of this range of values, we corrected for phylogenetic signal in our analyses, using generalized least-squares regression for continuous covariates [43, 44] and generalized estimating equations for our categorical covariates depicting IUCN status and taxonomic family [44, 45] . For our generalized least-squares regressions, we assumed that the continuous covariates evolved randomly [46] , so we used a Brownian-motion model to define the structure of the correlation among species. We used the extant mammalian phylogeny developed by Bininda-Emonds et al. [47] , pruned to only include the Carnivora, for all our phylogenetic analyses. Because of recent taxonomic revisions, this carnivore phylogeny included 227 of the 246 carnivore species in the IUCN database, so we conducted our phylogenetic analyses on this subset of species. All phylogenetic analyses were conducted in the R statistical package (v. 2.10.1, R Foundation for Statistical Computing, Vienna, Austria) using the APE [44] and GEIGER [48] packages.
Body mass of each species was extracted from the PanTHERIA database [49] . For carnivore species in the IUCN database with no body mass values listed in PanTHERIA, typically owing to recent taxonomic revisions, we used the midpoint of the body mass range presented in Nowak [50] for that species; if Nowak [50] did not list body mass values for that species, we instead used PanTHERIA body mass values for the closest relative as indicated by Wilson & Reeder [51] . For all statistical analyses, we log-transformed the fragmentation and connectivity metrics, range size and body mass, and arcsine square-root transformed the proportion of high-quality habitat within the geographical range.
For the taxonomic family analyses, we used generalized estimating equations to test for differences in the fragmentation and connectivity metrics among 10 families of Carnivora, including Canidae (dogs, wolves, coyotes, jackals and foxes; n ¼ 33 for phylogenetic analyses), Eupleridae (fossa and other Malagasy carnivores; n ¼ 8), Felidae (cats; n ¼ 34), Herpestidae (mongooses; n ¼ 30), Hyaenidae (aardwolf and hyenas; n ¼ 4), Mephitidae (skunks; n ¼ 10), Mustelidae (weasels; n ¼ 54), Procyonidae (raccoons and relatives; n ¼ 14), Ursidae (bears; n ¼ 8) and Viverridae (civets, genets, linsangs and relatives; n ¼ 28). For categorical variables, generalized estimating equations compare each category in relation to a reference category that we identified as Canidae, which have relatively generalized habitat requirements and are the most widely distributed family of the Carnivora, occurring from hot, arid deserts (Fennec Fox, Vulpes zerda) to arctic ice fields (Arctic Fox, Alopex lagopus) [50] . Because of small sample sizes, we excluded two monotypic families from the phylogenetic analysesAiluridae (Red Panda, Ailurus fulgens) and Nandiniidae (African Palm Civet, Nandinia binotata), and one family with only two species-Prionodontidae (Banded Linsang, Prionodon linsang; Spotted Linsang, P. pardicolor).
We also used generalized estimating equations to test for differences in the fragmentation and connectivity metrics among IUCN status categories. Data-Deficient species (n ¼ 14) were excluded from the phylogenetic analyses, and Endangered and Critically Endangered were combined into one category ('Endangered') owing to the relatively small sample size (n ¼ 5) of Critically Endangered carnivore species. We therefore compared among four status categories, including Least Concern (n ¼ 135 for phylogenetic analyses), Near Threatened (n ¼ 23), Vulnerable (n ¼ 32) and Endangered (n ¼ 23). We identified Least Concern as the reference category to which the other categories were compared in the generalized estimating equations. A species is classified by the IUCN as Least Concern when it is widespread and abundant and does not qualify for listing in other categories, and as Near Threatened when it does not qualify for a threatened category now, but is likely to do so in the near future [52] . A species is classified as Vulnerable when the best available evidence indicates that it faces a high risk of extinction in the wild. A species is classified as Endangered and Critically Endangered when it is considered to be facing a very high or extremely high risk of extinction in the wild, respectively.
Our methodology also allowed us to identify global hotspots of fragmentation and connectivity of highquality habitat for the world's carnivores. Fragmentation and connectivity hotspots were identified by summing the values at each 300 Â 300 m cell for fragmentation and connectivity metrics, respectively, for all carnivore species worldwide. This process therefore generated global maps depicting the degree of habitat fragmentation and connectivity for the world's carnivores.
Because we summed metrics for all species within a given area, these hotspots in part reflect global patterns of species distribution and richness. To evaluate the potential influence of carnivore diversity on hotspot locations, we also generated a species richness map for the order Carnivora by summing the number of carnivore species with high-quality habitat (as depicted with our GISfrag metric) for each 300 Â 300 m cell globally. We note that these estimates of species richness are based not on the total extent of the geographical ranges of carnivores, but rather on the extent of suitable habitat within their ranges; these fine-resolution distribution data predict known species occurrences better than geographical ranges [19] . To further explore the effects of species richness on fragmentation hotspots, we divided our fragmentation metric within each cell globally by the number of species with suitable habitat within that cell. This process generated an average fragmentation index that was standardized by species richness. We then mapped this standardized fragmentation index globally for the order Carnivora and compared it with our fragmentation hotspot map. While beyond the scope of this study, further analyses of the influence of species distributions on hotspot locations could incorporate more complex macroecological approaches, such as null models of species range placement [53] [54] [55] . 205, p , 0.001) . Although the causal mechanisms underlying the correlational patterns between habitat fragmentation, range size and extinction risk warrant further investigation, a broad geographical distribution may buffer against the effects of habitat loss [57, 58] , and our results suggest that greater habitat fragmentation in species with smaller ranges may contribute to their elevated extinction risk. Large-range species also tend to be habitat generalists [60] and, as our results demonstrate, have a higher proportion of suitable habitat, less fragmentation and more connectivity within their range.
RESULTS AND DISCUSSION (a) Comparative analyses (i) Fragmentation
(ii) Connectivity Mammalian carnivores also differed considerably in their degree of connectivity of high-quality habitat. As with fragmentation patterns, carnivore species with greater habitat connectivity (i.e. lower cost-weighted distance between high-quality habitat) had a greater proportion of suitable habitat within their geographical range (b + s.e. Although it is counterintuitive that endangered species had higher habitat connectivity, this pattern is probably due, in part, to the strong influence of geographical range size. That is, our results indicate that species with more habitat connectivity had smaller geographical ranges, and also that species with smaller ranges have higher extinction risk. The negative association between extinction risk and range size is near-ubiquitous across numerous studies and taxa [57] , and our results again suggest the importance of range size in predicting threat status.
(b) Global hotspots (i) Fragmentation Summing the fragmentation metric across all species (n ¼ 246) reveals global patterns of core habitat and fragmentation for the world's terrestrial carnivores (figure 1). Primary hotspots of high-quality core habitat include much of the Amazon Basin in South America and sub-Saharan Africa, as well as portions of western North America and southeastern and northern Asia. Such locations therefore represent areas with the highest richness of carnivore species (figure 2a) that on average have the most interior high-quality habitat (figure 2b). At a global scale, conservation actions focused towards these sites, including efforts to protect core carnivore habitat, therefore have the potential to disproportionately benefit the world's carnivores. Conversely, fragmentation hotspots represent regions with relatively low interior distances within high-quality habitat, summed across all species present in an area. Such regions include much of South America outside the Amazon Basin, southern and central Asia, as well as portions of eastern North America, Europe, northern Africa and southwestern Asia. The most severe of these fragmentation hotspots identify regions where relatively few carnivore species occur (figure 2a) and those species have relatively little core habitat (figure 2b). Note that some locales (most notably desert regions of northern Africa and central and southwestern Asia, and parts of the southern Andes of South America) do have, on average, relatively extensive core habitat (figure 2b) for the few species that occur there (figure 2a). Carnivore diversity, however, is sufficiently low in these regions that they do not appear as global hotspots of core habitat (figure 1). Native terrestrial mammalian carnivores are absent from Greenland, Antarctica and Australia (figure 2a).
Families of Carnivora exhibited regional heterogeneity in locations of hotspots of high-quality core habitat ( figure 3) . At the family level, hotspots of core habitat for Canidae generally included much of North America, desert regions of Africa and southwestern Asia, and portions of northern and eastern Asia. Felidae core habitat is evident in much of South America, including the Amazon Basin, in sub-Saharan Africa, and in portions of western North America and southeastern Asia. Mustelidae core habitat includes expanses of northern forests of North America and Eurasia, as well as the Amazon Basin and portions of Europe, southeastern Asia, and central and southern North America. Core habitat is concentrated in central and southern North America for Mephitidae, and in the Amazon Basin and small patches of Central America and southern North America for Procyonidae. Core habitat is generally limited to portions of sub-Saharan Africa for Herpestidae and Hyaenidae, and to sub-Saharan Africa and portions of southeastern Asia for Viverridae. Ursidae core habitat is concentrated in northwestern North America and portions of northern Asia. Eupleridae, not mapped here, is endemic to Madagascar.
(ii) Connectivity Likewise, summing the connectivity metric among all species (n ¼ 244) reveals global patterns of isolation and connectivity of high-quality habitat for the world's terrestrial carnivores (figure 4). Primary hotspots of isolation of carnivore habitat include much of southern and southeastern Asia and sub-Saharan Africa, as well as portions of eastern South America and Central America. Such regions therefore represent areas with the highest richness of carnivore species (figure 2a) that have the least connectivity (i.e. highest cost-weighted distance) among high-quality habitat within their current geographical range. Consequently, efforts to restore broad-scale landscape connectivity in these hotspots may be particularly beneficial for global carnivore conservation. Conversely, regions with low cost-weighted distances among high-quality habitat, summed across species present in an area, include much of northern Eurasia, northern Africa, and portions of northeastern and southwestern North America, western and southern South America, and southwestern Asia. Such regions tend to support relatively few carnivore species (figure 2a), thus contributing to lower cumulative cost-weighted distances among patches when pooling across species. The Amazon Basin, however, also has relatively low cumulative cost-weighted distances, even though it supports many species (figure 2a), indicating relatively high habitat connectivity for the species that occur there.
As with fragmentation, families of Carnivora differed in locations of hotspots of isolation of high-quality habitat (figure 5). Generally, Canidae had relatively connected habitat throughout much of their distributions, with notable exceptions in southern and central Asia, as well as portions of eastern Africa, eastern South America and northern North America. Habitat connectivity for Felidae was similar to patterns seen for the entire Carnivora, with hotspots of habitat isolation in eastern South America, Central America, eastern Africa, and southern and southeastern Asia. Habitat isolation for Mustelidae was most pronounced across much of central Eurasia and southeastern Asia, as well as portions of western and northern North America and sub-Saharan Africa. Habitat connectivity was most constricted in Central America and small patches of western North America for Mephitidae, in Central America and eastern South America for Procyonidae, in sub-Saharan Africa for Herpestidae, in eastern Africa for Hyaenidae, and in southeastern Asia for Ursidae and Viverridae.
CONCLUSIONS
On average, across all 246 species of terrestrial mammalian carnivores, only 54.3 per cent (range: 3.7-100%; s.e. ¼ 0.016) of a species' current geographical range comprised high-quality habitat. More troubling, only 5.2 per cent (range: 0-88.2%; s.e. ¼ 0.005) of the average range comprised high-suitability habitat located within known protected areas, a trend of considerable concern for the conservation of the world's carnivores and one consistent with prior findings of the inadequacy of the current global network of protected areas to conserve terrestrial vertebrate diversity [61] . Further, our results demonstrate that carnivores with less suitable habitat also experience higher habitat fragmentation and less habitat connectivity, with smaller and more isolated patches of remaining high-quality habitat within their range. Moreover, species with less interior habitat and thus higher levels of fragmentation are at a greater risk of extinction.
Of additional concern is that habitat loss is especially prevalent in many of the global hotspots of carnivore habitat identified in our models, particularly tropical regions in the Americas, Africa and Asia that experience high deforestation [1] . For example, much of the tropical forest in the Amazon Basin, which our analyses repeatedly designated as a critical global hotspot of carnivore habitat across multiple Carnivora families, is predicted to be degraded or destroyed by projected agricultural expansion and development schemes [14, [62] [63] [64] .
Although the locations of these hotspots are generally congruent with patterns of species richness, they advance our knowledge in two important ways. First, they narrow the focus of mammal distribution to include only those species-rich regions that specifically support high-quality habitat for many carnivore species. This focus is particularly critical given that on average only about half of the geographical range of terrestrial carnivores comprises high-quality habitat. Indeed, although prior efforts based solely on geographical ranges have provided valuable insights on global conservation priorities of mammals [57, 65] , such analyses have been critiqued because species are not homogeneously distributed across their range [66] . Further, prior global studies of mammal distribution have been at low resolution, between 10 000 and 20 000 km 2 [1, 65] , and this lack of detailed large-scale information has hindered conservation efforts [19] . With a resolution of 0.09 km 2 , the habitat models developed by Rondinini et al. [19] and used here help address this limitation.
Second, our fragmentation and connectivity models extend other efforts by evaluating not only global patterns of species richness based on suitable habitat [19] , but in addition modelling how such high-quality habitat is distributed into patches with relatively more interior habitat within patches and greater connectivity among them. We feel evaluation of such patterns of fragmentation and connectivity is an important step in prioritizing global mammal conservation efforts, in that fragmentation is the primary threat to the world's mammals [1] and connectivity conservation is thus a critical need [7] . Perhaps the greatest utility of our models will be at the local scale, which is the scale of conservation action [67] . The unprecedented 300 m resolution of the global habitat models allows for more detailed analyses of fragmentation and connectivity patterns at fine scales particularly useful for conservation planning. Consequently, a valuable next step will be to more thoroughly examine fine-scale high l o w Figure 4 . Global hotspots of habitat connectivity and isolation for the world's terrestrial mammalian carnivores (n ¼ 244). Black denotes sites of low connectivity, with the highest richness of carnivore species that have the least connectivity (most isolation) among high-quality habitat within their current geographical range. Green denotes sites of high connectivity, where relatively few carnivore species have highly isolated high-quality habitat patches.
patterns of fragmentation and connectivity within families of Carnivora and for individual species of particular conservation concern, including identifying specific locations of core habitat patches and connectivity among them, in order to guide local conservation efforts. Overall, our models represent the first explicitly macroecological analyses of global patterns of habitat fragmentation and connectivity in mammalian carnivores, species particularly sensitive to such impacts. Indeed, to our knowledge, this represents the first such analysis for any mammalian taxon. Our comparative analyses revealed that carnivores differed in the degree of habitat fragmentation and connectivity and these differences predicted extinction risk. Further, our approach allowed the identification of global hotspots of core carnivore habitat and isolation of high-quality habitat patches. Future work will explore how the extent and geographical distribution of these global hotspots are congruent with those identified when considering only species of highest extinction risk, particularly given that hotspots of species richness and extinction threat may not overlap [68, 69] . Similarly, further efforts should examine hotspot congruence when considering carnivore habitat within and outside known protected areas [61] , which our results indicate only represent a small proportion of high-quality carnivore habitat worldwide. Ultimately, we anticipate that efforts to identify global hotspots of fragmentation and connectivity, in conjunction and collaboration with other prioritization schemes [70] , will provide valuable tools for developing more effective strategies for conserving the world's carnivores.
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high l o w Figure 5 . Global hotspots of habitat connectivity and isolation for the world's terrestrial mammalian carnivores by Family, including (a) Canidae, (b) Felidae, (c) Herpestidae, (d) Hyaenidae, (e) Mephitidae, ( f ) Mustelidae, (g) Procyonidae, (h) Ursidae and (i) Viverridae. Black denotes sites of low connectivity, with the highest richness of carnivore species that have the least connectivity (most isolation) among high-quality habitat within their current geographical range. Green denotes sites of high connectivity, where relatively few carnivore species have highly isolated high-quality habitat patches.
